The zinc oxide-eugenol impression pastes have been available to the profession since the 1930's and have become increasingly popular in impression procedures in denture prosthesis. Before this time, mixtures of zinc oxide and eugenol were used as dental cements, being mentioned for this purpose in the literature as early as 1887,1 and such mixtures are still widely used as temporary dental cements. Investigations of the properties of zinc oxide-eugenol mixtures have been directed to an evaluation of either the dental cements or the impression pastes. The basic properties of these cements and impression pastes are, to a large extent, reciprocal. Early investigations2-7 were largely concerned with desirable compositions of mixtures for impression pastes or dental cements. Later studies8-10 of the fundamental nature of the reaction between zinc oxide and eugenol have revealed the nature of the setting reaction, and more recently, the clinical and physical properties of commercially available impression pastes have been investigated.'1 14 A large number of zinc oxide-eugenol pastes are available, which are essentially similar in general properties but differ in their clinical behavior. Variations are noted from one product to another chiefly in relation to setting times, consistency of the mixed material, and the physical qualities of the set impressions, including hardness, brittleness, tackiness, and ease of separation from the case. Products vary also in their reaction to environmental changes and the effects which temperature and humidity have on the setting qualities of the paste. Variations may exist in the effect of storage on the physical and clinical properties of these products. The data here presented represent part of a study of clinical and physical properties of the zinc oxide-eugenol impression materials, which was undertaken in order to compare and evaluate the more commonly used products available to the dentist.
be dispensed by length with sufficient accuracy to give reproducible results if care was exercised. Measured lengths of base and accelerator, which varied with the different test procedures according to the size of sample required, were dispensed onto the pad directly from the tube and the mixing timed accurately.
The progress of the hardening process which occurs as the zinc oxide-eugenol paste sets can be examined by means of a suitable penetrometer. In this study, the Krebs penetrometer with a cylindrical indenter 1.59 ± 0.13 mm. in diameter and with a total load of 50 gm. was used. The freshly mixed impression paste was placed in a metal ring 1 inch in diameter and 8 inch deep, and the top surface of the paste was leveled off. The indenter was applied to the surface for 10 seconds at 30-second intervals, and the penetration noted on the dial gauge. An average of three sets of data at each During the period when the paste is fluid, the indenter penetrates the specimen completely. As hardening occurs, however, the extent of penetration decreases rapidly until a constant minimum penetration is obtained. The value of the constant minimum reading will vary according to the hardness of the set impression.
For the routine determination of initial and final set time, simpler methods involving less expensive apparatus than the Krebs penetrometer can be used. If a suitably shaped instrument such as a short piece of steel rod of about the diameter of a dental bur shaft is applied to the surface of a freshly mixed zinc oxide-eugenol paste and then removed, the paste will adhere to the rod and string out as it is withdrawn. Repetition of this procedure at definite time intervals will reveal a point at which the paste no longer develops strings when the rod is withdrawn. This change in property occurs at the time of initial set and the loss of the normal working qualities of the paste. In the tests conducted in this study, a steel rod 2.4 mm. in diameter with a flat end and rounded edges and weighing 10 gm. was applied to the surface of the paste at 20-second intervals. The end of the rod was wiped clean after each 40 MYERS AND PEYTON ZINC OXIDE-EUGENOL IMPRESSION PASTES 41 application. Initial set time was recorded as the time at which stringing no longer occurred and was recorded to the nearest half-minute. The average for three determinations was taken. Final set was determined with a 1/12-inch Gillmore needle weighing I lb. Freshly mixed paste was loaded in a ring 1 inch in diameter and 8 inch deep, and the surface of the paste leveled off. The needle was applied to the surface for 10 seconds at 30-second intervals. At first, the needle penetrated the specimen completely, but, as the paste hardened, the penetration decreased in depth until a series of impressions of approximately equal depth was obtained. The time of the first of such a series of similar indentations was recorded as the final set time.
To compare the initial set times obtained in the rod test described above with the clinical manipulation of these materials, two series of tests were run on the same mixes of eleven zinc oxide pastes. The mix of paste was made according to the manufacturer's directions and divided into two equal parts. One part was used to determine the initial set, using the rod method described above. The initial set of the other part was determined by assessment of the point at which the paste would no longer be used to record an impression. The two sets of times were recorded separately by independent observers and subsequently compared when all eleven materials had been investigated.
The consistency of the zinc oxide paste was determined with the modified slump test, which has been used by other investigators.", 12 A measured quantity of mixed paste is placed between two glass plates, and a weight applied for a fixed time. The diameter of the resulting disk of impression material is used as a measure of the consistency of the impression paste. The more fluid the consistency, the larger the disk diameter. In this study, 0.5 ml. of freshly mixed impression paste was placed on a glass plate; 1I minutes after the beginning of the mix another glass plate weighing 20 gm. was placed on the paste, immediately followed by a 500-gm. weight. Ten minutes after the start of the mix the weight was removed, and the average diameter of the disk was determined to the nearest millimeter by measuring the maximum and minimum diameters. At least three determinations were completed for each product, and the average value recorded. To compare these consistency values with the clinical behavior of the impression pastes, measured quantities of the paste were mixed, and the consistency assessed by watching the flow of the mixed material from the mixing spatula. Three categories can be readily recognized: (a) the paste does not flow from the spatula, (b) the paste flows slowly from the spatula, and (c) the paste flows freely from the spatula.
The hardness of the set impression was measured in this study by the degree of penetration of the penetrometer needle applied to a specimen at I hour after the beginning of the mix. A Krebs penetrometer was used with an ASTM D-5 needle, and a total indenter load of 100 gm. The specimen mix was flowed into a metal ring 1 inch in diameter and 8 inch in depth. Thirty minutes after the beginning of the mix, the needle was applied to the surface of the specimen and allowed to penetrate for 10 seconds. The extent of penetration was measured to the nearest 0.1 mm. Three such determinations were completed for each of the seven products examined, and the averages, adjusted to the nearest 0.1 mm., were recorded.
Further to examine the properties of the set impression paste, a flow test was per-
formed on cylindrical samples made from standard mixes of eight products. A sample made by filling a mold 10.0 mm. (0.394 inch) in diameter and 6 mm. (0.236 inch) high was subjected to a load of 1 kg. for 10 minutes, and the extent to which the sample shortened was measured. The percentage of shortening was then calculated and recorded as the percentage of flow. The facility with which an impression can be removed from a cast was examined by filling a metal ring 16 mm. in diameter and 6 mm. high with freshly mixed paste and allowing it to set. The ring was boxed with a strip of wax. Five minutes after final set, a mix of dental stone was poured into the mold so formed. The mold was vibrated to remove air bubbles, and the stone was allowed to harden. Two hours later the mold was immersed in water at 1400 F. for 15 minutes, then the cast was removed from the ring of zinc oxide. At least three specimens were prepared for each product, and the surface of each specimen was examined under low-power magnification for the surface quality and the presence of any adherent impression material. The zinc oxide surface was also examined for any indication of adherent stone.
To examine separation of the cast from the impression material under conditions more closely resembling clinical conditions, where the presence of rugae and other surface irregularities of the mucous membrane exist, impressions were taken of a rubber model of an upper edentulous mouth. One impression was taken with each of the fourteen products, using an acrylic tray adapted to the model. The same technique of pouring stone and separating from the impression as described above was followed, and the casts obtained were examined under low-power magnification.
A silicone rubber test block was used to evaluate the ability of the zinc oxideeugenol products to register fine detail. The rubber test block, approximately 14 inch square, was made by duplicating the surface of a metal block on which V-shaped grooves had been cut, having the following widths: 0.0015, 0.0021, 0.0030, 0.0042, 0.0060, 0.084, and 0.0120 inch. A metal ring 1 inch in diameter and I inch high was placed over the rubber test block so as to include portions of all seven lines. The ring was overfilled with zinc oxide paste, and a small glass plate was placed over the ring. A 50-gm. weight was then applied, and the paste allowed to set. Two minutes after the final set, the impression was removed and examined under low-power magnification to check for the reproduction of all seven lines. The impression was then boxed with wax and poured in stone. One hour later the cast and impressions were immersed in water at 1400 F. for 15 minutes and then separated. The stone models were examined for reproduction of the impressions.
RESULTS
The setting characteristics of seven products were studied, using the Krebs penetrometer, and three typical curves are shown in Figure 1 . Some products, for example, F. harden very rapidly, whereas, with other products, such as B, the hardening occurs over a longer period of time.
Values obtained by the rod method of testing initial set are given in Table 2 , and range from 1.5 to 4.0 minutes, nine of the values being less than 3 minutes.
The final setting times of fifteen products when tested by the I lb. Gillmore needle are listed in Table 3 . These values range from 3 The results obtained in the comparison of initial set times as determined by the rod method with those assessed from the clinical behavior of the pastes are listed in Table 2 . It can be seen that the values agree for ten of the eleven products.
The consistency values obtained for fifteen products using the modified slump test are shown in Table 4 , along with the values recorded in the clinical evaluation of consistency.
The results of the test for hardness of the set impression are listed in Table 5 and range from 0.5 to 3.2 mm. The percentage flow of a cylindrical specimen was determined for eight products. The samples were tested at three time intervals after the final set, namely, 5 minutes, 1 hour, and 24 hours. The values obtained are shown in Table 6 .
The fourteen products examined for the separation of the impression from the cast were all satisfactory in this respect. With eight of the products, a slight deposit was noticed on the stone when examined carefully under low-power magnification. However, in no case was the deposit of a nature or extent that would be significant in the practical use of these impression materials. In the test series in which impressions were taken of a rubber model of an edentulous maxilla, these results were confirmed, and no product presented any practical problems in respect to separation from the stone cast or quality of the cast surface.
All fourteen products tested registered the finest lines satisfactorily, and all the lines were reproduced in the stone casts. In three instances the impression failed to register the finest line on the first attempt. On repeating the test, however, with special attention given to overfilling the ring and applying the weight, a satisfactory impression was obtained.
DISCUSSION
Setting times.-Of interest to the clinician is the time available in which to mix the paste, load a tray, and register an impression before the desirable flow qualities of the paste end with the occurrence of initial set. Such a period of time is customarily described as the manipulation or working time. Once the impression has been registered, a fairly rapid and well-defined hardening of the paste is desirable, and this quality is determined in the measurement of final set. From the slopes of the curves seen in Figure 1 , it can be noted that the products differ in the rate at which hardening occurs. Some products, for example, F, harden rapidly, whereas with other products, such as B, the hardening occurs over a longer period of time. The working time or manipulation time of these pastes can be obtained by recording the time at which the indenter no longer completely penetrates the specimen. The final set can be obtained by noting the time at which the first of three constant minimum indentations is obtained. Another method of selecting the final set point from the penetrometer data is to establish an arbitrary penetration value for final set, for example, 0.2 mm., and consider final set to have occurred when the penetrometer reading is less than that amount. A comparison of the final setting time obtained by the Krebs penetrometer with those obtained by the I-lb. Gillmore needle is shown in Table 3 . For the seven products compared, the values are the average of three determinations expressed to the nearest half-minute. These determinations by two test procedures were not done on the same mix or at the same time, although conditions of proportioning, mixing time, temperature, and humidity were similar. Although the two sets of values do not match exactly, there is a sufficient correlation for the purpose to which these values are applied. For general testing purposes, it seems that either the Krebs penetrometer or the Gillmore needle can be used satisfactorily to determine the final set of these pastes and that the values from the two methods will correlate reasonably well.
Consistency.-In comparing the clinical quality of flow from the spatula and the values obtained from the modified slump test, the following facts are of interest. Those products which in the slump test had a value greater than 37 mm. flowed freely from the spatula, and those products with a value of less than 37 mm. did not flow from the spatula. Two products had a value of 37 mm. in the slump test but exhibited different qualities of flow from the spatula, one flowing slowly from the spatula and the other not at all. This difference in flow qualities between two products with the same value on the slump test is thought to be due to the difference in initial set times of the two products. The initial set times are listed in Table 4 , and it can be seen that the product which is more fluid in the clinical evaluation and flows slowly has a shorter initial set time than the product which clinically exhibits no flow. The influence of this difference in initial set times is responsible for two products, with clinically different consistencies, having the same disk size in the modified slump test, because the shorter initial set time reduces the period during which the 500-gm. weight can act effectively on the specimen. This same factor may be influencing the disk sizes obtained with other products in the series, and the comparative clinical behavior of two products can be predicted only from their disk sizes when the setting times are approximately the same.
Quality of the set impression.-Certain qualities are necessary in the set zinc oxide paste if an impression is to fulfil its purpose in restorative dentistry. Qualities of special interest are the hardness, freedom from friability, freedom from tackiness, dimensional stability, compatibility with materials used to make a cast, and ease of separation from the cast. A satisfactory impression should be hard and firm enough not to bend or distort on removal from the mouth. It should not be brittle or friable in the set state, so that, if necessary, the impression can be returned to the mouth, and also to facilitate the subsequent pouring of the cast. In considering these properties it should be remembered, however, that the material is always well supported by a suitably designed impression tray. Some slight tackiness in the set impression is found in many products. Provided that this is not present to a degree that the impression will not separate easily from the cast, no clinical difficulties arise from this quality. The zinc oxide pastes have been shown9 to be sufficiently stable dimensionally for the purpose for which they are employed.
The values for the hardness of the set impression range from 0.5 to 3.2 mm. In relation to the hardness of the set impression, many of the products fall into one of two categories. In one group, often referred to as the "soft-set products," the paste is comparatively soft when set and tends to bend rather than fracture when placed under stress. In the other group, referred to as the "hard-set products," the paste is hard and comparatively brittle in the set state, and when stress is applied to a free specimen, it will fracture. These qualities are related to the composition of the paste and are usually accompanied by other properties characteristic of each group. For example, the softset products are, in general, buttery in the freshly mixed state and do not flow readily. They usually set slowly, and the point of initial set is not well defined. On the other hand, the hard-set products usually are free flowing and set rapidly with a well-defined point of initial set. All products, however, do not fall clearly into one or the other of the above groups. Of the seven products tested, the four hard-set materials have values of 1.0 mm. or less, and the 3 soft-set products have values of 1.5 mm. or greater.
If the products are arranged in the order of their flow values as determined 5 minutes after final set, the sequence is the same as that seen when they are arranged in the order of their penetration hardness values. The hard-set products have flow values of less than 7 per cent, and the soft-set products have values of greater than 8 per cent.
SUMMARY
Several physical and clinical properties of the commercially available zinc oxide impression pastes were studied. An attempt was made to correlate the values obtained from bench tests for initial set and consistency with the clinical behavior of the pastes in regard to these properties. Correlation of the values obtained in the final set test using the Krebs penetrometer and the Gillmore needle was examined. The qualities of the set impression were investigated in relation to hardness, flow properties, separation from the cast, and detail reproduction. Initial set times of the fifteen products tested varied from 1.5 to 4.0 minutes. Nine of the fifteen products had an initial set value of less than 3 minutes. The final set times of the fifteen products determined with the Gilimore needle ranged from 3.0 to 15.0 minutes. Comparison of the values obtained in the rod test for initial set with the clinical behavior of these pastes showed a close degree of correlation. The initial set times as determined represented the time available in which the paste has to be mixed, loaded into a tray, and the impression registered. A comparison of the final set times determined with the Krebs penetrometer and the Gillmore needle shows a correlation sufficiently close for the purpose to which the values are applied. The values obtained in the consistency test varied from 27 to 50 mm. When these values were compared with the clinical behavior of the pastes, it was found that pastes with a disk size in the consistency test greater than 37 mm. flowed freely from the spatula and that those with a disk size less than 37 mm. did not flow from the spatula. Initial set time may influence the disk size obtained in the consistency test. A short initial set time may give a smaller disk size than the consistency merits, as compared with a product of similar consistency but having a longer setting time.
For this reason, disk sizes in the consistency test cannot be used as a basis of comparing the relative consistency of two pastes unless they have similar initial set times. From the clinical point of view, the zinc oxide impression pastes can be divided into three groups according to the nature of the flow from the spatula: (a) flows freely, (b) flows slowly, and (c) does not flow. As measured with the Krebs penetrometer, the hardness of the set impression paste in seven products varied from 0.5 to 3.2 mm. Those products described as hard set had values of 1.0 mm. or less, whereas those known as soft-set products had a value of 1.5 mm. or more. The percentage flow of the set impression paste measured 5 minutes after final set for eight products ranged from 3.8 to 47.3 per cent. The hard-set products had values of 7 per cent or less, and the soft-set products had values of 8 per cent or greater. At the end of 1 hour the percentage flow values were considerably reduced, and after 24 hours a further hardening was noted. All fourteen products tested separated satisfactorily from the stone cast. All fourteen products reproduced the finest line on the test impression block satisfactorily, and when the impressions were poured in stone, the lines were all reproduced on the cast.
